Fig 3
The effiect on the blood pressure of 3 mg of morphine sulphate inajected intravenously, in one patient with an alcute myocardial infarction blood pressure of about 5 to 10 mmHg as compared with when he is breathing air, together with a slight fall of cardiac output. Associated with this is a rise of blood P02 from 64 to over 250 mmHg. Fig 3 illustrates a reaction that may occur with the administration of morphia: 3 mg of morphine sulphate was given slowly irntravenously to a man aged 72 who had had a myocardial infarction seven hours previously. The administration was followed by a very considerable fall in the blood pressure and slowing of the heart beat; the patient's reaction was that of going to sleep. Raising the legs restored the blood pressure to its previous level.
The number of patients treated so far is small and we must await a larger series before drawing any conclusions about the long-term value of such a unit. Two things are certain, however: a few patients who would otherwise die will be saved and a clearer understanding of the hxmodynamic and other changes taking place in this condition, and a more rational use of drugs, will ensue. Shillingford 
Royal Infirmary, Edinburgh)
The treatment of cardiogenic shock is empirical and unsatisfactory. There is no clear unequivocal place for any particular drug in treatment. The varied therapeutic approach over the years ranging from venesection to arterial transfusion, from digitalis compounds to vasopressor drugs, reflects differing concepts of the underlying mechanism. A rational approach to such a difficult therapeutic problem would be to obtain measurements of the basic pathophysiological state on affected patients and to utilize these measurements to evaluate contemporary treatment. The difficulties in making such measurements in these critically ill patients can be overcome by: (1) The immediate availability of a therapeutic 'shock team' of doctors, nurses and technicians. (2) An intensive care resuscitation area where the necessary monitoring apparatus is already assembled and ready for immediate use. (3) The use of modern cardiovascular techniques which can be carried out at the bedside, e.g. cardiac output determination by the dye-dilution technique.
This communication reports the results of such team work in the Department of Medicine, the Royal Infirmary, Edinburgh, in an attempt to improve both the understanding and the treatment of this grave complication of acute myocardial infarction. After admission to the resuscitation area an arterial catheter was introduced percutaneously into the brachial artery and a venous catheter was passed into the region of the right atrium from an ante-cubital vein. The systemic arterial and central venous pressures were transduced continuously using Statham P23Db strain-gauge manometers. Serial cardiac output measurements were made by a dye-dilution technique employing indo-cyanine green dye and a cuvette oximeter. The electrocardiogram was monitored continuously.
The use of the word 'shock' to describe a clinical syndrome complicating acute myocardial infarction can be criticized in that it is confusing and lacks precise definition and objective measurement. However, a syndrome of systemic arterial hypotension with the associated accepted signs of peripheral vasoconstriction and sympatho-adrenal over-activity does exist as a clinical entity and we have attempted to define this abnormal pathophysiological state in objective circulatory, respiratory and metabolic terms. The following criteria were used to define shock: A systolic blood pressure on auscultation of less than I 00 mmHg in the presence of cold, clammy, sweating and cyanosed extremities with mental apathy or restlessness. The circulatory, arterial blood gas tension and some metabolic changes in 6 cases of severe cardiogenic shock are shown in Figs 1 and 2 and compared with similar measurements in 9 patients who had sustained an acute myocardial infarction uncomplicated by shock or manifest left heart failure. Shock has been found to be associated with a reduced cardiac output and stroke volume with an inadequate compensatory increase in systemic vascular resistance resulting in systemic arterial hypotension. These low-flow circulatory changes were accompanied by arterial hypoxEemia, metabolic acidosis, lactic acidemia and hyperglycsmia.
These findings suggest clear lines of treatment and can be considered under the following headings:
Arterial Hypoxcemia Fig 3 shows the effect of administering oxygen in a high concentration (average value of inspired oxygen concentration 870%, range 82-96 %). In the presence ofshock, oxygen results in a relatively small increase in arterial oxygen tension: this impaired response is in sharp contrast to the normal rise in the non-shocked patients. Calculation suggests that this impaired response is due to shunting of blood through pulmonary vessels inaccessible to gaseous exchange (MacKenzie et al. 1964). The correction of the hypoxsmia is obviously important not only in an effort to increase the oxygen supply of the myocardium but also to prevent further progression of tissue anaerobic metabolism and lactic acidasmia.
Clearly these patients are in urgent need of oxygen Fig 2 The arterial blood gas tension and some metabolic changes following acute myocardial infarctionwith and without shock and this should be given in as high a concentration as possible.
Metabolic Acidosis
The acidosis urgently requires correction to restore and maintain the responsiveness of the cardiovascular system both in terms of myocardial contractility and the peripheral circulation. In animal experiments with heemorrhagic shock, Manger and his co-workers (1962) were able to improve the mortality rate by the use of oxygen in high concentration and the added correction of the coincidental metabolic acidosis. Neither of these measures carried out independently improved the survival rate. The urgent and energetic treatment of this hypoxaemia and acidosis might lead to a reduction of the very high mortality figures associated with this condition. This will require careful titration of the required amount of buffering solutions against serial acidbase determinations in these patients. This biochemical monitoring control has been accepted in the management of diabetic coma, renal and respiratory failure and should receive more consideration in the management of circulatory shock.
Heart Failure
The circulatory results indicated a severe impairment of left ventricular function in cardiogenic shock. Gilchrist (1960) has long advocated the use of intravenous digoxin in these patients and there are some favourable clinical reports of the use of other digitalis compounds in these circumstances (Gorlin & Robin 1955) . The circulatory response to intravenous digoxin (1 mg) was measured in 4 patients. These patients are far from being in a steady state and any interpretation of circulatory changes must be cautious. However, there was no significant improvement in cardiac output observed in any of these 4 patients. In contrast, the use of intravenous digoxin in the presence of hypotension but without other clinical signs of shock produces a significant increase in cardiac output. It is an interesting postulate that the coincidental metabolic acidosis might be responsible for preventing the enzyme changes upon which the action of digitalis depends.
Vasopressors
Our experience of vasopressor therapy combined with circulatory measurements is limited. In the presence of shock, noradrenaline infusion has produced an increase in blood pressure due to an increase in systemic vascular resistance with either a reduction or no change in cardiac output. A reduction in cardiac output seems to be undesirable in this already critically low-flow state. The possible dangers of over-zealous noradrenaline therapy are exemplified in the following case (Fig 4) . A 64-year-old man, who was hypotensive but not clinically shocked after an acute myocardial infarction was treated with an intravenous infusion of noradrenaline. The circulatory state was monitored during the initial stages of this treatment which was then continued for twelve hours. By then the patient was extremely ill, the blood pressure was unrecordable both on palpation and auscultation and the periphery was cold, clammy, cyanosed and sweaty, yet there was complete mental clarity. The circulatory measurements at this time showed an increased, in fact normal, cardiac output with associated collapse of the systemic vascular resistance. This could be described as true peripheral circulatory collapse. It is interesting that the mean intravascular aortic pressure was 68 mmHg at a time when the blood pressure was unrecordable by clinical palpation or auscultation in the arm. The noradrenaline therapy was stopped, massive doses of hydrocortisone were given and the patient recovered.
In summary, the demonstration of significant arterial hypoxmemia and a metabolic acidosis are of considerable therapeutic importance and require urgent correction. Although these features are not the cause of shock, their continued progression will lead to further deterioration of the (Day 1, 0300 hours) . The circulatory measurements during thestate of 'peripheral circulatory collapse' probably precipitated by noradrenaline therapy are shown (Day 1, 1500 hours). (see text) 6 cardiovascular homeostatic mechanisms. Our observations also suggest that both digitalis and noradrenaline are of limited value in this condition and that in certain circumstances noradrenaline may be positively harmful.
Dr A J V Cameron (Cardiac Department, Western Infirmary, Glasgow)
Deaths within the first forty-eight hours after admission to hospital account for over one-half of the high mortality in acute myocardial infarction. Numerous factors are involved but there is little doubt that sudden ventricular fibrillation is responsible for many of the rather unexpected fatalities. In patients critically ill with severe hypotension or congestive heart failure the terminal event is often a serious arrhythmia. Following the reports of Smith & Lawson (1958 on the protective effect of pure oxygen at a pressure of 2 atmospheres absolute in preventing ventricular fibrillation in dogs after ligation of the circumflex branch of the left coronary artery, it seemed that hyperbaric oxygen therapy might reduce the early mortality of human myocardial infarction. A preliminary report of a controlled clinical trial designed to investigate this possibility has already been published (Cameron et al. 1964) ; owing to the small number of patients in the trial at that time the findings were inconclusive. This communication presents the results obtained during the past three years in a series of 126 men admitted to hospital within twenty-four hours of the onset of myocardial infarction. Diagnosis was based on strict clinical, electrocardiographic and enzymatic criteria. On clinical assessment the illness was graded as severe, moderately severe, or mild. Severe cases were those presenting with pallor, sweating, coldness of the extremities, a systolic blood pressure of less than 80 mmHg and, except in the presence of complete heart block, a heart rate of more than 100 per min. In moderately severe cases there was orthopnta or dyspnoa and evidence of left ventricular failure or other signs of congestive cardiac failure. The remainder were classified as mild. The incidence of serious arrhythmias, including complete heart block, atrial fibrillation, ,atrial flutter and paroxysmal ventricular and supraventricular tachycardia was noted. All patients irrespective of their clinical grading were allocated for hyperbaric or ward treatment by random pairing in chronological order of admission to hospital'. Forty patients were given pure oxygen continuously by BLB mask at a flowrate of 8 to 10 1./min for forty-eight hours after admission, 20 patients (group A) at a pressure of 2 atmospheres absolute in a hyperbaric chamber, and 20 patients (group B) at a pressure of 1 atmosphere absolute in the ward. The remaining 86 patients (group C) had to be rejected from the trial because the hyperbaric chamber was not available. These rejects were not given continuous oxygen by BLB mask, but otherwise nursing and medical treatment was the same as for groups A and B. If oxygen was considered necessary for symptomatic treatment of patients in group C, it was given intermittently by a polythene facemask.
Results
In this analysis the results in groups A and B are described first. The combined results in groups A and B are then compared with the results in group C. Statistical analyses are based on standard methods.
Mortality
The mortality in the six weeks' period after infarction was the same in groups A and Bnamely, 6 deaths out of 20 patients in each. Four patients in group A and 3 in group B died within the first forty-eight hours. No evidence of oxygen toxicity was observed in any of the patients. In group C the mortality was greater than in groups A and B,. but the difference was not statistically significint (P=0-20). The proportion of deaths occurring in the first forty-eight hours in group C was similar to that in groups A'and B (Table 1) . ,The instructions for eacb pair were contained in sealed envelopes which were numbered serially and were opened as required after the decision had been made to admit the first member of a pair to the trial. If for any reason a suitable patient had to be rejected from the trial, his partner was rejected also
